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Abstract: 

An irradiation device for producing polarized light for an alignment layer of a liquid 
crystal cell element comprises a polarization element (8) in which glass plates (8a) are 
inclined at the Brewster angle with respect to the optical axis of the incident light beam 
and are combined with one another in a V-shape. has a light shielding plate (8b) at the 
light incidence side of the polarization element along a centerline thereof to reduce the S- 
polarized light which passes therethrough and to increase the extinction ratio of the 
polarized light which emerges from the polarization element. This light shielding plate 
shields the light which is reflected by the glass plates. In this way, the S-polarized light 
which is reflected by the surface of the glass plates is not incident in the opposite glass 
plates. Therefore, the S-polarized light passing through the polarization element can be 
reduced and the adverse effect of the above described reflection light on the extinction 
ratio can be reduced. A light shielding plate can be provided for each of the several glass 
plates which are combined with one another in a V-shape. 
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(54) Irradiation device for producing polarized light for an alignment layer of a liquid crystal cell 
element 



(57) An irradiation device for producing polarized 
light for an alignment layer of a liquid crystal cell element 
comprises a polarization element (8) in which glass 
plates (8a) are inclined at the Brewster angle with re- 
spect to the optical axis of the incident light beam and 
are combined with one another in a V-shape. has a light 
shielding plate (8b) at the light incidence side of the po- 
larization element along a centerline thereof to reduce 
the S-polarized light which passes therethrough and to 
increase the extinction ratio of the polarized light which 
emerges from the polarization element. This light shield- 
ing plate shields the light which is reflected by the glass 
plates. In this way, the S-polarized light which is reflect- 
ed by the surface of the glass plates is not incident in 
the opposite glass plates. Therefore, the S-polarized 
light passing through the polarization element can be 
reduced and the adverse effect of the above described 
reflection light on the extinction ratio can be reduced. A 
light shielding plate can be provided for each of the sev- 
eral glass plates which are combined with one another 
in a V-shape. 
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Description 

Background of the Invention 
Field of the Invention 

[0001 ] The invention relates to a polarization element 
of a light irradiation device for optical alignment of liquid 
crystals in which the alignment layer of a liquid crystal 
cell element is irradiated with polarized light. The inven- 
tion relates especially to a polarization element which is 
suitable for optical alignment of a wide-view film. 

Description of Related Art 

[0002] A liquid crystal cell element is produced as fol- 
lows: 

[0003] An alignment layer formed on the surface of a 
transparent substrate is treated for alignment of the liq- 
uid crystals in a desired direction (alignment treatment). 
[0004] Two of these transparent substrates are ce- 
mented to one another such that the alignment layers 
are located on the inside and a gap with a stipulated 
distance is maintained between the two substrates. 
[0005] Liquid crystals are injected into this gap. For 
the above described alignment treatment of the align- 
ment layer of a liquid crystal cell element, there is a tech- 
nique which is called "optical alignment". Mere, an align- 
ment layer is irradiated with polarized light and exposed. 
[0006] An irradiation device for polarized light for op- 
tical alignment is disclosed, for example, from the Jap- 
anese patent disclosure document HE1 1 0-90684. 
[0007] Recently the above described irradiation de- 
vice for polarized light is being used more and more of- 
ten to produce a wide-view film, besides for production 
of the above described liquid crystal cell element. A 
wide-view film is produced as follows: 
[0008] Liquid crystals which can be cured using UV 
light are applied to a base film. 
[0009] Liquid crystal molecules are aligned in a cer- 
tain direction. 

[0010] Afterwards the liquid crystals are cured by UV 
irradiation so that the direction of the liquid crystal mol- 
ecules is fixed. 

[0011] By cementing a wide-view film onto a liquid 
crystal cell, a reduction of the image quality can be 
equalized, i.e., the field of view of LCDs can be en- 
hanced. 

[0012] Conventionally, the above described process 
of "alignment of the liquid crystal molecules in a certain 
direction" is carried out by rubbing. But recently, it is be- 
ing done more and more often using the above de- 
scribed irradiation with polarized light and by optica! 
alignment. 

[0013] Figure 7 shows the arrangement of an irradia- 
tion device for polarized light which optically aligns a 
wide-view film according to the example. In the figure, 
a discharge lamp 1 , such as a super high pressure mer- 



cury lamp or the like, is located in an oval focusing mirror 
2, and directs light from the lamp to a first planar mirror 
3 from which it passes through a polarization element 
8, an integrator lens 4, and a shutter 5 to a second planar 
5 mirror which deflects the light to a collimation lens 7. 
These components make up the irradiation device for 
polarized light. 

[0014] In the polarization element 8, several glass 
plates are inclined by the Brewster angle with respect 
io to the optical axis of the incident light beam and are lo- 
cated parallel to one another at intervals. These glass 
plates are combined with one another in a V-shape and 
are arranged such that the light exit side becomes con- 
vex. 

is [0015] When a polarization element is used which is 
made of glass plates which have been combined in a V- 
shape, the advantages are the following: 
[0016] The size of the entire polarization element (the 
size in the lengthwise direction with respect to the optical 

20 axis) can be reduced more than in the case in which the 
glass plates are not combined in a V-shape. 
[001 7] The size of the individual glass plate becomes 
smaller. 

[0018] The production costs per glass plate become 
25 smaller. 

[0019] Two directions for the arrangement of the po- 
larization element formed of glass plates which have 
been combined in a V-shape can be imagined, i.e., the 
direction in which the exit side is convex, and the direc- 

30 tion in which the incidence side is convex. Figure 7 
shows a polarization element in which the exit side is 
convex (in which the light is incident from the direction 
in which the glass plates form a "valley"). 
[0020] The number of glass plates used for the polar- 

35 ization element is not limited to the number in the draw- 
ings, but it can be set suitably according to the desired 
illuminance on a surface to be irradiated and according 
to the extinction ratio. 

[0021] In the figure, the light which is emitted from the 
40 discharge lamp 1 and which contains UV radiation is fo- 
cused by the oval focusing mirror 2, reflected by the first 
plane mirror 3 and is incident in the polarization element 
8. The polarization element 8 passes P-polarized light 
and reflects most of the S-polarized light. The light 
45 emerging from the polarization element 8 therefore be- 
comes mainly P-polarized light. The light emerging from 
the polarization element 8 is incident in the integrator 
lens 4. 

[0022] The light emerging from the integrator lens 4 
so is reflected via the shutter 5 and by the second plane 
mirror 6, is converted into parallel light by means of the 
collimation lens 7 and is emitted onto a wide-view film 
10 to which liquid crystals which can be cured with UV 
light have been applied. The concept of "wide-view film 
55 10" is defined below as a film to which liquid crystals 
which can be cured with UV light have been applied. 
[0023] The wide-view film 1 0 is wound in the manner 
of a roll as an endless workpiece with a great length onto 
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a take-off roller 11a. After the wide-view film which has 
been wound onto the take-off roller 11a has been un- 
wound and irradiated with polarized light, it is wound on- 
to the take-up roller 11b, as is shown in the drawings. 
During transport of the film 1 0 the polarized light is emit- 
ted onto the film 10 with a pre-set angle. 
[0024] It is known that the above described wide-view 
film is also aligned at a poor extinction ratio of the po- 
larized light (for example, P-polarized light to S-polar- 
ized light = 3 : 1 to 2 : 1 ). Polarized light with this extinc- 
tion ratio can also be obtained without using an optical 
element such as a collimator or the like. 
[0025] In Figure 7, the polarization element 8 is locat- 
ed between the first plane mirror 3 and the integrator 
lens 4. But, as shown in Figure 8, the polarization ele- 
ment 8 can be located on the exit side of the collimation 
lens 7. 

[0026] Figure 9 shows another example of the ar- 
rangement of an irradiation device for polarized light for 
optical alignment of a wide-view film. In this embodi- 
ment, a rod-shaped tube lamp 21, for example a high 
pressure mercury lamp or a metal halide lamp is located 
at the focal point of a trough-like mirror 22 with a cross 
section which is a parabola. In the polarization element 
8', as in the polarization element 8 shown in Figure 7, 
several glass plates are inclined by the Brewster angle 
with respect to the optical axis of the incident light beam 
and are arranged parallel to one another at intervals. 
These glass plates are combined with one another in a 
V-shape and are arranged such that the light exit side 
becomes convex. 

[0027] The wide-view film 10, as was described 
above, is an endless workpiece of great length that is 
wound as a roll onto the take-off roller 11a. After the 
wide-view film which has been wound onto the take-off 
roller 11a has been unrolled and irradiated with polar- 
ized light, it is wound onto the take-up roller 11b as is 
shown in the drawings. During transport of the film 10, 
the polarized light is emitted onto the film 10 at a pre- 
set angle. 

[0028] In the irradiation device for polarized light 
shown in Figure 9, the directly projected light from the 
lamp is scattered light. Therefore, light with a non- 
Brewster angle is incident in the polarization element. 
Furthermore, there is also light which passes through 
the polarization element without polarization separation. 
[0029] However, the light which has been reflected by 
the trough-shaped mirror 22 is converted essentially into 
parallel light and is incident with the Brewster angle in 
the polarization element, by which it is subjected to po- 
larization separation. As a result P-polarized light 
emerges. Therefore, light emerges from the polarization 
element which, for the most part, has a large proportion 
of P-polarized light and which is emitted onto the wide- 
view film 10. 

[0030] The reason for using such a rod-shaped lamp 
is that a wide surface can be irradiated with high illumi- 
nance, that the film exposure rate is increased, and that 



the throughput is improved, compared to the case in 
which the point light source shown in Figures 7 & 8 is 
used. 

[0031 ] If, as was described above, a polarization ele- 
5 ment is used in which several glass plates are inclined 
with respect to the optical axis of the incident light beam 
at the Brewster angle and are arranged spaced parallel 
to one another, and in which the glass plates are com- 
bined with one another in a V-shape, the advantages 
10 are the following: 

[0032] The size of the entire polarization element can 
be reduced. 

[0033] The size of the individual glass plate becomes 
smaller. 

15 [0034] Production costs per glass plate become less. 
[0035] If the polarization element in which the glass 
plates are combined with one another in a V-shape is 
used and if this polarization element is arranged such 
that the light exit side becomes convex, the disadvan- 

20 tages are the following: 

[0036] Figure 10 shows a polarization element in 
which glass plates are combined with one another in a 
V-shape. Here, four sets of glass plates 8a which have 
been combined with one another in a V-shape are used, 

25 and thus, a polarization element is formed. 

[0037] The respective glass plate 8a is inclined with 
respect to the incident light by the Brewster angle and 
is arranged such that the exit side becomes convex. In 
Figure 1 0, the arrows to the top and bottom and the cir- 

30 cles with the black dots in the middle label the polariza- 
tion directions of the P-polarized light and the S-polar- 
ized light. As is shown in the drawings, on the exit side 
of the polarization element 8, a shadow is formed by the 
refraction of the glass plates. In fact. 15 sets of glass 

35 plates are used. However, in Figure 10, only four sets 
of glass plates are represented and the others are omit- 
ted. 

[0038] As is shown in Figure 10, the light which is in- 
cident in the glass plates with the Brewster angle is sep- 

40 arated into P-polarized light and S-polarized light. The 
P-polarized light is passed by the glass plates while the 
S-polarized light is reflected. The S-polarized light re- 
flected by the surface of the glass plate is incident in the 
opposite glass plate. Since the light incident in this glass 

45 plate from the above described reflected light (of the S- 
polarized light) does not have the Brewster angle, it 
passes through the glass plate even if it is S-polarized 
light. 

[0039] The S-polarized light which has passed though 
50 this glass plate is reflected by the surface of the second 
glass plate in the same way and transmitted and is like- 
wise reflected by the surface of the third and other glass 
plates in the same way and transmitted. This repetition 
ultimately yields S-polarized light which passes through 
55 the polarization element. As a result this light becomes 
"stray light," by which the extinction ratio of the polarized 
light which emerges from the polarization element is re- 
duced. 
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Summary of the invention 

[0040] An object of the invention is to eliminate the 
above described defects of the prior art. 
[0041] More specifically, it is an object of the invention 
is to prevent the S-polarized light reflected from the sur- 
face of a glass plate from being incident in an opposite 
glass plate, thus to reduce the S-polarized light which 
passes through the polarization element, and to in- 
crease the extinction ratio of the polarized light which 
emerges from the polarization element. 
[0042] The above objects and others are achieved in 
accordance with the invention as follows: 
[0043] (1 ) A polarization element is used in which sev- 
eral glass plates are inclined at the Brewster angle with 
respect to the optical axis of the incident light beam and 
are located parallel to one another at spaced intervals, 
and in which these glass plates are combined with one 
another V-shaped polarization element that is arranged 
such that the light exit side is convex. On the light inci- 
dence side of this polarization element, along the edge 
line, there is a light shielding component, this edge line 
being formed by the crossing of the light incidence sur- 
faces of the above-described two sets of V-shaped glass 
plates. The light shielding component is essentially par- 
allel to the optical axis of the incident light such that the 
light which is incident in the above described glass plate 
with the Brewster angle is not hindered. The light shield- 
ing component shields the S-polarized light which is re- 
flected by the above described glass plate. 
[0044] By the arrangement of the above described 
light shielding component the S-polarized light reflected 
by the surface of the glass plate is absorbed or reflected 
by the light shielding plate and is not incident in the op- 
posite glass plate. As a result, the S-polarized light 
which passes through the polarization element can be 
diminished. Thus, the adverse effect of the above de- 
scribed reflection light on the extinction ratio can be re- 
duced. 

[0045] (2) In (1), there is the above described light 
shielding component for each of the several glass plates 
which are combined with one another in a V-shape. 
[0046] In this way, the S-polarized light which is re- 
flected by the several glass plates which are combined 
with one another in a V-shape can be completely shield- 
ed, and thus, the adverse effect of the above described 
reflection light on the extinction ratio can be reduced 
even more. 

[0047] The invention is explained in detail below using 
several embodiments shown in the drawings. 

Brief Description of the Drawings 

[0048] Figure 1 is a schematic representation of one 
embodiment of the polarization element according to the 
invention; 

[0049] Figure 2 a schematic representation of an em- 
bodiment in which a light shielding plate is used which 



has a surface which is formed with peaks; 
[0050] Figure 3 is a schematic representation of an 
embodiment in which a light shielding plate is used 
which has a surface which is provided with a reflection 
5 surface; 

[0051] Figure 4 is a schematic representation of an 
embodiment in which there is a light shielding plate be- 
tween all glass plates; 

[0052] Figure 5 is a schematic representation of one 
io example of use for a polarization element with a different 
arrangement; 

[0053] Figure 6 is a schematic representation of one 
example of use for a polarization element with a different 
arrangement; 

is [0054] Figure 7 is a schematic representation of one 
example of an irradiation device for polarized light for 
optical alignment of a wide-view film; 
[0055] Figure 8 is a schematic of an example of an 
arrangement of an irradiation device for polarized light 
for optical alignment of a wide-view film; 
[0056] Figure 9 is a schematic representation of an- 
other example of an arrangement of an irradiation de- 
vice for polarized light for optical alignment of a wide- 
view film; and 

[0057] Figure 10 is a schematic representation of a 
polarization element in which glass plates are combined 
with one another in a V-shape such that the light inci- 
dence side is convex. 



[0058] Figure 1 shows a first embodiment of a polar- 
ization element in accordance with the invention. It 
shows a case in which four sets of glass plates 8a are 
combined with one another in a V-shape to form a po- 
larization element, as in Figure 10. In fact, 15 sets of 
glass plates were used, as in Figure 10, but only four 
sets are shown in Figure 1 and the rest are omitted. 
[0059] The respective glass plate 6a is inclined with 
respect to the incident light by the Brewster angle and 
Is arranged such that the exit side becomes convex. 
[0060] Only one polarization element with a light 
shielding plate is described below. However, the polar- 
ization element with a light shielding plate in the respec- 
tive embodiment described below can be used as a po- 
larization element of the irradiation device shown above 
in Figures 7 to 9 for polarized light. 
[0061 ] In the polarization element with the above de- 
scribed arrangement, in this embodiment, there is a light 
shielding plate 8b for shielding the light which is reflect- 
ed by the glass plate 8a which forms the polarization 
element 8, as shown in Figure 1 . This light shielding 
plate 8b is located along the connecting point of the 
glass plates which are combined with one another in a 
V shape to one side. The light shielding plate 8a is es- 
sentially parallel to the optical axis of the incident light 
beam such that the light incident in the glass plate 8a 
with the Brewster angle is not hindered. 



25 
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[0062] The light shielding plate can, for example, be 
one which is produced such that an aluminum plate is 
treated with a black anodic oxide coating. The light re- 
flected by the glass plate 8a is absorbed by this light 
shielding plate 8b. 

[0063] By the arrangement of such a light shielding 
plate 8b, the S-polarized light reflected by the surface 
of the glass plate 8a is shielded by the light shielding 
plate 8b and is not incident in the opposite glass plate, 
as shown in Figure 1 . This increases the extinction ratio 
of the polarized light emerging from the polarization el- 
ement when using 15 sets of glass plates, compared to 
the case in which there is no light shielding plate as 
shown above in Figure 10, from 15:1 to 20:1 . 
[0064] In the above described embodiment, a flat light 
shielding plate was used. However, different shapes for 
the light shielding plate can also be used. 
[0065] Figure 2 shows a case in which a light shielding 
plate 8b is used which has a surface with peaks. By us- 
ing a light shielding plate with this shape, the light inci- 
dent in the light shielding plate can be effectively ab- 
sorbed (so-called knife-edge effect). The light shielding 
plate can not only be one which absorbs light, but a mir- 
ror can also be used. 

[0066] Figure 3 shows a case in which a light shielding 
plate is used with a surface which is provided with a re- 
flection surface. As is illustrated in the drawings, the re- 
flection surface of the light shielding plate is formed such 
that the S-polarized light reflected by the glass plate 8a 
is reflected in the direction in which it is not again inci- 
dent in the glass plate 8a. By using a light shielding plate 
with such a reflection surface, the same effect as in Fig- 
ure 1 and Figure 2 can be achieved. 
[0067] It is most effective to arrange the light shielding 
plate 8b on the incidence side of the polarization ele- 
ment on which the intensity of the light reflected by the 
glass plate is great, as is shown in Figures 1 to 3. How- 
ever, if this light shielding plate 8b is lengthened on the 
exit side and it is arranged between all the glass plates 
which form the V shape, the adverse effect on the ex- 
tinction ratio can be reduced even more. 
[0068] When the light shielding plate is located not on- 
ly on the incidence side of a glass plate 8a-1, but be- 
tween a second glass plate 8a-2 of the polarization el- 
ement, a third glass plate 8a-3 and a fourth glass plate 
8a-4, the S-polarized light can also be shielded which is 
reflected by the surfaces of these glass plates, as is il- 
lustrated in Figure 4. Therefore the adverse effect on 
the extinction ratio can be reduced even more. 
[0069] The light shielding plate according to the inven- 
tion absorbs the S-polarized light reflected by the glass 
plate 8a in full or in part, and there are cases in which it 
reaches a high temperature. In this case, it is advanta- 
geous to cool the light shielding plate using an air cool- 
ing means or a water cooling means. 
[0070] The invention can be also be used for polari- 
zation elements with different shapes in which several 
polarization elements of the glass plates which have 



been combined in a V-shape are combined with one an- 
other. 

[0071] Figure 5 shows a case in which a first polari- 
zation element 8-1 and a second polarization element 
5 8-2 are used. In the first polarization element 8-1 , glass 
plates are arranged such that the exit side becomes 
convex. In the second polarization element 8-2, glass 
plates are arranged such that the incidence side be- 
comes convex. The first polarization element is located 
on the incidence side. The second polarization element 
is located on the exit side. 

[0072] In this case, on the incidence side of the first 
polarization element 8-1 , there is a light shielding plate, 
as was described above. In this way, the S-polarized 
light reflected by the glass plate of the polarization ele- 
ment 8-1 can be shielded, and thus, the reduction of the 
extinction ratio of the polarized light can be diminished, 
as was described above. 

[0073] Figure 6 shows a case in which the above de- 
scribed first polarization element 8-1 is located on the 
exit side and the second polarization element is located 
on the incidence side. In this case, on the incidence side 
of the first polarization element 8-1, there is a light 
shielding plate, as was described above. In this way, the 
S-polarized light reflected by the glass plate of the po- 
larization element 8-1 can be shielded, and thus, the re- 
duction of the extinction ratio of the polarized light can 
be diminished, as was described above. 
[0074] In Figures 5 & 6, the light shielding plate locat- 
ed in the first polarization element 8-1 on the exit side 
can be lengthened in the manner described in Figure 4 
and it can be arranged between all glass plates which 
are combined with one another in a V shape, such that 
the exit side becomes convex. 

Action of the invention 

[0075] As was described above, in accordance with 
the invention, on the light incidence side of the polariza- 
tion element, there is a light shielding plate. Therefore, 
the following effects can be obtained. 
[0076] (1) The S-polarized light which has been re- 
flected by the surface of the glass plate is absorbed or 
reflected by the light shielding plate and is not incident 
in the opposite glass plate. Therefore, the S-polarized 
light which passes through the polarization element can 
be reduced and the extinction ratio of the polarized light 
emerging from the polarization element can be in- 
creased. 

[0077] (2) By the arrangement of the above described 
light shielding component for each of the several glass 
plates which are combined with one another in a V- 
shape, the S-polarized light which is reflected by all the 
glass plates can be shielded. This increases the extinc- 
tion ratio of the polarized light which emerges from the 
polarization element even more. 
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Claims 

1 . Polarization element of an irradiation device for po- 
larized light for optical alignment of a liquid crystal 
alignment layer which comprises: 



larized light for optical alignment of a liquid crystal 
alignment layer as claimed in any one of claims 1 
to 3, wherein said light shielding component is pro- 
vided for each of the glass plates which have been 
s combined in a V-shape. 



a lamp; 

a focusing mirror for focusing light from the 
lamp into a light beam having an optical axis; 
and io 
a polarization element disposed on the optical 
axis of the light beam from the focusing mirror, 

wherein the polarization element comprises a 
plurality of glass plates inclined at the Brewster an- 15 
gle with respect to the optical axis of the light beam 
and arranged parallel to one another at spaced in- 
tervals, said glass plates being combined with one 
another into a V-shape which is convex at a light 
exit side thereof, 20 

wherein a light shielding component is dis- 
posed on a light incidence side of the polarization 
element along a center line of the V-shape, and 

wherein said light shielding component is es- 
sentially parallel to the optical axis of light incident 25 
on the polarization element such that light which is 
reflected by the glass plate is shielded. 



2. Polarization element of an irradiation device for po- 
larized light for optical alignment of a liquid crystal 30 
alignment layer as claimed in claim 1 , wherein the 
polarization element is a first of two polarization el- 
ements, a second of the two polarization elements 
being disposed downstream of the first polarization 
element in a direction of travel of the light beam, 35 
and comprising a plurality of glass plates inclined at 
the Brewster angle with respect to the optical axis 
of the light beam and arranged parallel to one an- 
other at spaced intervals, said second plurality of 
glass plates being combined with one another into *o 
a V-shape which is concave at a light exit side there- 
of. 



3. Polarization element of an irradiation device for po- 
larized light for optical alignment of a liquid crystal « 
alignment layer as claimed in claim 1 , wherein the 
polarization element is a first of two polarization el- 
ements, a second of the two polarization elements 
being disposed upstream of the first polarization el- 
ement in a direction of travel of the light beam, and so 
comprising a plurality of glass plates inclined at the 
Brewster angle with respect to the optical axis of the 
light beam and arranged parallel to one another at 
spaced intervals, said second plurality glass plates 
being combined with one another into a V-shape ss 
which is concave at a light exit side thereof. 



4. Polarization element of an irradiation device for po- 
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